Abstract. Pediatric neurological disorders are common and constitute up to 30% of children seen in general pediatrics. Information about the availability and practice of pediatric neurologists is vital for strategic planning of management of neurological disorders. The aim of this study was to audit current pediatric neurology services in Saudi Arabia and establish a correlation with regional population figures. Physicians practicing in the field of pediatric neurology in Saudi Arabia were identified and contacted. A structured 17-item questionnaire designed to examine their clinical practice was completed and validated by a follow-up interview. Thirty-two full-time hospital based pediatric neurologists were concentrated in the 3 most heavily populated regions of the country. Saudi Arabia as a whole had a ratio of 0.4 pediatric neurologists per 100,000 children <15 years of age given that 38.3% of the general population was <15 years at the time of the study. Pediatric neurologists had an average of 3 half-day clinics per week with an average of 13.4 patients per clinic. The ratio of follow-up visits to new patients was 3:1. Waiting times for a new non-urgent consultation ranged from 1-6 months (mean 3.4 months). Inpatient hospital admissions ranged from 1-20 (mean 6.5) per week with an average of 5.7 in-hospital consultations per week. Major deficiencies were identified in the availability of specialized nurses, occupational therapists, and psychologists. The study documents a significant shortage of pediatric neurologists in our country. The currently practicing neurologists are required to see many patients with long waiting lists and inadequate support services in many institutions. I feel that a strong demand exists to train and recruit more pediatric neurologists and that generalists and pediatricians need to continue to take a proactive role in the routine care of children with neurological disorders in Saudi Arabia.
Introduction
Pediatric neurological disorders are common in daily practice and constitutes up to 30% of children seen in general pediatrics [1] [2] [3] [4] . General practitioners and pediatricians are less confident in handling neurology pa- * Correspondence: Dr. Mohammed M.S. Jan, Department of Pediatrics (Neurology), King Abdulaziz University Hospital, P.O. Box 80215, Jeddah 21589, Kingdom of Saudi Arabia. Tel.: +996 2 6401000 (ext. 20208); Fax: +996 2 6403975; E-mail: mmsjan@ yahoo.ca.
tients when compared to patients with other common pediatric conditions [1, 5] . In one study, more than 50% of pediatricians referred more than 90% of their children with neurological complaints to pediatric neurologists [6] . Other investigators found increasing pressure on the pediatric neurology service because of unnecessary referrals for benign or transient conditions [2] . Pediatric neurology services are therefore generally busy with large volume of referrals and consultations [2, 3, 6, 7] . Horiguchi et al. [8] assessed physicians working in pediatric neurology using a burnout inventory and a general health questionnaire and found 27% of the re- spondents had attained a burnout status and 93% were suffering from stress related neurosis. There are concerns worldwide about the current shortage of trained pediatric neurologists [1, [9] [10] [11] [12] .
Saudi Arabia is a large developing country of about 2,149,700 square kilometers in area [13] . The estimated Saudi population for the year 2000 was 20,846,884 with 38.3% of the population less than 15 years of age [14] . Saudi Arabia is made up of several administrative regions (Fig. 1) ; however, about 80% of the urban population resides in the Riyadh, Western, and Eastern regions [15] . Genetic and inherited neurological disorders are more prevalent as a result of high consanguinity rates reaching up to 70% of marriages in some regional population [16, 17] . Although pediatric neurology is considered a separate and evolving subspecialty, trained pediatric neurologists are few and available only in certain tertiary care centers of larger cities [1, 11] . It has been suggested that one pediatric neurologist is required for every 100,000 children less than 15 years of age [18] . A recent Canadian study revealed an overall ratio of 1.1 pediatric neurologists per 100,000 children [9] . Information about the distribution, number, and practice of pediatric neurologists is vital for strategic planning of management of disorders involving the nervous system [11] . It was for this reason that the present study was undertaken with an aim to audit current pediatric neurology services in Saudi Arabia and establish a correlation with regional population figures.
Materials and methods
A list of physicians practicing in the field of pediatric neurology was obtained from several sources including membership with the Saudi Council of Health Specialties, national and regional pediatric neurology groups, and communications during national and regional neuroscience meetings in the Kingdom of Saudi Arabia. The study's author has personal knowledge of most practicing pediatric neurologists in Saudi Arabia as he is a member of the pediatric neurology committee of the Saudi Council of Health Specialties and the president of the pediatric neurology periodic club meeting in the western region. Most pediatric neurologists in Saudi Arabia are trained fully or partially outside the country, however, a small percentage are general pediatricians with special interest in neurology and shorter training, such as 1-2 years pediatric neurology diploma (i.e. neuro-pediatricians). All pediatric neurologists in Saudi Arabia practice within a hospital based setting in close proximity to diagnostic and allied health services. A structured 17-item questionnaire designed to examine their clinical practice was electronically mailed to all pediatric neurologists across Saudi Arabia, in the year 2004. This was followed by phone or personal communication by the study author to validate the accuracy of the data. Key clinical practice questions are listed in Table 1 . Additional data sought included number of full-time and/or part-time pediatric neurologists in each institution, number of adult neurologists or pediatricians with special interest and training in pediatric neurology (neuro-pediatricians), the training experiences of pediatric neurologists, and the size of the served population.
Results
All contacted centers responded to our questionnaire. A total of 32 full-time physicians practicing in the field of pediatric neurology across Saudi Arabia were identified. Most of these physicians (75%) were fully trained pediatric neurologists and the remaining 8 physicians were pediatricians with interest and special training in pediatric neurology (neuro-pediatricians). Most pediatric neurologists received training in North America (33% USA, 29% Canada) and 21% and 17% received their training in Europe or other Arab countries respectively. All physicians were hospital based and concentrated in the 3 most heavily populated regions of the country (Table 2) . Saudi Arabia as a whole had a ratio of 0.4 pediatric neurologists per 100,000 children less than 15 years of age given that 38.3% of the general population was less than 15 years of age at the time of the study. The ratio decreases to 0.3 if neuropediatricians were excluded. Regional variations in the ratio ranged from a low of 0.18 in the Madina region to a high of 0.78 in the Riyadh region (Table 2 ). Many other regions had no coverage with pediatricians and adult neurologists looking after pediatric neurology patients or refer them to the closest center. The number of adult neurologists in the contacted centers ranged from 1 to 9 (mean 2.5). Table 3 summarized the distribution and practices of pediatric neurologists in various institutions of Saudi Arabia. Overall, pediatric neurologists had an average of 3 half-day clinics per week with an average of 13.4 patients per clinic. The ratio of follow-up visits to new patients was 3:1. Excluding private hospitals, where pediatric neurologists have daily walk in clinics, waiting times for a new non-urgent consultation ranged from 1 to 6 months (mean 3.4 months). The centers offering various subspecialty clinics are also shown in Table 3 . Inpatient pediatric neurology hospital admissions ranged from 1 to 20 (mean 6.5) per week and the pediatric neurologists saw 1-10 (mean 5.7) in-hospital consultations per week. Variations in the availability of allied health professionals (specialized nurses, social workers, physical and occupational therapists, psychol- ogists, and dietitians) in different Saudi institutions are shown in Table 4 .
Discussion
This study documents the significant shortage of pediatric neurology services in our country. This is the first study to evaluate pediatric neurology services in our region. Pediatric neurologists were concentrated in 3 regions of the country with many regions with limited or no coverage. Furthermore, the current population figures may be significantly higher than the 2000 estimates mainly because of our very high crude birth rate of 35/1000 population [15] . The estimate for the Saudi population in 2004 has exceeded 25,000,000 [19] . As well, some of the pediatric neurologists are not readily accessible to the general public because of the nature of their hospital practice such as military or National Guard hospitals. This means that the demand for pediatric neurologists is even stronger than the estimated ratios. Our shortage highlights the concerns worldwide about the current and future trends in the supply and demand of pediatric neurologists [1, [9] [10] [11] [12] . However, the internationally accepted ratio may need to be modified in the developing regions of the world where pediatricians usually take care of all pediatric disorders. Promoting and expanding the pediatric neurology specialty are critical, particularly given that many cases seen by general pediatricians are primarily neurological accounting for up to 30% of all consultations to pediatrics with a high ratio of follow-up visits to new patients [1] [2] [3] . The assessment and management of neurological disorders requires specific knowledge, skills, and attitudes, which can be supported by medical education [20] . However, some authors have found a decline in general neurology education and that the education was deficient in training physicians to manage gen-eral neurological disorders [21, 22] . In our recent study evaluating the attitudes of medical students toward pediatric neurology, we found that although 92% found neurological disorders challenging and interesting, the majority (77-100%) had unfavorable attitudes [21] . Most students felt that their teaching experiences were not strong and only 9 (6%) actually selected pediatric neurology as the first future career choice [21] . Other authors recently confirmed the decline in the number of medical students and residents choosing the field of pediatric neurology [23, 24] . However, the actual clinical pediatric experience may influence many of their misconceptions and apprehension [25] . We recently found that only 30% of generalists were moderately or highly confident in diagnosing or treating children with neurological disorders [1] . Although many generalists felt that pediatric neurology is a challenging and interesting field that provides help to children, they also felt that many disorders are difficult, complicated, and carry poor prognosis with limited treatments. Some reported that pediatric neurology is emotionally charged and requires very long post-graduate training [1] . In other words, the specialty is unpopular not only among medical students, but also among residents and generalists [1, 12, 21, 23, 24] .
There are several possible solutions to these problems that should be addressed. First, there is a strong need to train and recruit more pediatric neurologists in our country. We need to work with our students, residents, and generalists to increase their interest in pediatric neurology and promote training in the specialty. Enhanced pediatric neurology exposure may favorably influence their attitudes towards the specialty [24] . This is particularly important given that many students may change their early medical career choices [26] . Edwards et al. [26] compared student's early career choices with their employment 11 years after qualification and found 65% working within the first choice. This would encourage us in our long-term plan to promote and maintain pediatric neurology as a vibrant medical subspecialty. Secondly, appropriate neurological training of general practitioners and pediatricians could reduce the pressure on the limited pediatric neurology services [8] . This can be accomplished during their pediatric residency and by attending interactive continuous medical educational activities. A short and comprehensive training or clinical attachment to an experienced pediatric neurologist can be offered to pediatricians interested in the field. Finally, a practical and shorter-term solution to the problem is to regulate and refine the type of referrals to busy pediatric neurology services. The role of pediatric neurologists is important in the management of children with active epilepsy, complicated headaches, neuromuscular and neurodegenerative disorders. However, their role is less clear in the routine care of children with developmental delay, cerebral palsy, learning, and behavioral disorders [12] . These disorders may not need to be evaluated initially and followed for routine care by pediatric neurologists. If pediatricians, developmental specialists, and psychologists assume a more active role in the routine management of these disorders, we may be able to function quite well with a lower ratio of pediatric neurologists to the pediatric population. In fact, a recent Saudi study revealed that only 25% of generalists referred more than 60% of their neurology patients to neurologists [1] . These numbers are significantly lower than the referral rates reported in developed countries and may reflect the limitation in access to pediatric neurologists, which was true for more than 30% of the physicians in the study sample [1] . Interestingly, physicians who were interested in pursuing a career in neurology were less likely to refer their patients, reflecting their higher confidence level.
In conclusion, this study documented a significant shortage of pediatric neurologists in our country. The currently practicing neurologists are under pressure to see many patients with long waiting lists and inadequate support services in many institutions. I proposed several short and long term solutions to this problem including increased training and recruitment of pediatric neurologists, enhanced pediatric neurology exposure for medical students, residents, and generalists to increase their interest and promote training in the specialty, encourage and mandate appropriate neurological training of general practitioners and pediatricians to reduce and refine referrals to busy pediatric neurology services. Generalists and pediatricians need to continue to take a proactive role in the routine care of children with simple, uncomplicated, and common general pediatric neurology disorders in Saudi Arabia.
